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While I did not grow up on a farm, I am from a small town in rural southern Michigan 
where agriculture is the lifeblood of much of the community. My involvement in agriculture 
began at young age with grandparents small cattle herd and evolved into working at a local 
farrow to finish hog operation. These summer jobs, along with heavy involvement in 4-H and 
FFA, peaked my interest in pursuing a career in the field of agriculture. I spent 2 of my summers 
in college interning for Helena Chemical Co., scouting a variety of crops in west Michigan. This 
internship was what ultimately led me to narrowing that focus within Ag to having a career in the 
field of agronomy. 
 I graduated from Michigan State University with a B.S. in Crop and Soil Science in the 
spring of 2015. Upon graduation I went to work for CHS cooperative as a Sales Agronomist in 
west Michigan where I spent 2 seasons consulting for farmers who grew a wide range of 
products from traditional row crops like corn and soybeans to specialty crops like hops and 
apples.  
I then took a position with Monsanto as a Chemistry Account Manager covering 
Michigan and NW Ohio. The timing of my start in this position coincided with the launch of 
Monsanto’s low volatility dicamba product, Xtendimax ™, to be used both pre and post in 
Monsanto’s Xtend ™ soybean system. While the launch of this system was by no means without 
its challenges, this role helped me to grow as an agronomist and as a person as we worked to 
educate growers across the state on how to properly and safely use the new technology.  
I am currently a Field Sale Rep for Bayer/ Dekalb Asgrow and we are on the precipice of 
another trait launch in the soybean marketplace. Coupling this with the increasing resistant weed 
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pressure in my region and the changing mindset growers need to embrace when it comes to 
soybean herbicide programs was what peaked my interest in the project I completed for my 
creative component research project. I hope that this information will provide value to my 
colleagues and teammates as we communicate with growers on strategies to address their weed 
control issues.  
Introduction 
Herbicide resistant weeds are quickly becoming one of the most problematic issues in 
production agriculture. With the adoption of glyphosate-resistant (Roundup Ready) crops in 
1996 and increased use of no-till practices, heavy reliance on glyphosate has resulted in a serious 
concern for the long-term use of this important weed management tool (Johnson and Davis, 
2004). The market shift to glyphosate-resistant crops increased the frequency of glyphosate 
applications and reduced the use of soil-applied herbicides, along with reducing the overall cost 
of weed control (Prince et al. 2012). Consequently, glyphosate became the most commonly used 
herbicide in agriculture worldwide (Dill et al. 2010; Duke and Powles 2008). 
The shift toward glyphosate-resistant crops has not only selected weed species that are 
tolerant of glyphosate, but also resulted in evolution of glyphosate-resistant weed biotypes 
(Nandula et al. 2005). There are currently 18 glyphosate resistant weeds in the United States and 
41 resistant species worldwide (Heap, 2020). The characteristics of these weed species have 
resulted in significant yield losses for farmers in numerous cropping systems and a significant 
increase in weed management costs. The Weed Society Science of American conducted a survey 
in 2006 in which 200 weed scientists across North America contributed to determine what they 
thought to be the most troublesome weeds. Palmer amaranth (Amaranthus palmeri) was listed as 
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the most threatening weed overall, but when you look specifically at soybeans, horseweed 
(Erigeron Canadensis) and waterhemp (Amaranthus tuberculatus) were both listed as the two 
most troublesome weeds (Van Wychen, 2016).  
The development of glyphosate resistant weeds is due to three major factors: weed 
biology, intensity of glyphosate use and glyphosate rate. (Boerboom and Owen, 2006). These 
concepts are highlighted by Fig. 1(Benbrook, 2006). There are strong correlations between the 
increasing use, the decreasing price of glyphosate, and the growing number of resistant weeds 




Fig. 1 Use and Impacts of glyphosate in corn and soybean production (Benbrook, 2006) 
Horseweed is well adapted to no-till and vertical tillage systems. Horseweed is arguably 
the most widespread glyphosate-resistant in Michigan today and creates the greatest weed 
management issues for farmers in the state (Fig. 2). Horseweed is a winter annual, the majority 
of population emerges in the fall (August- October), overwinters as a rosette, and produces seed 
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the following spring or summer (Johnson and Davis, 2004). However, a portion of marestail seed 
germinates throughout the growing season, complicating management (Buhler and Owen, 1997). 
The International Herbicide-Resistant Weed Database reports marestail to be resistant to groups 
2 (ALS Inhibitors), 5 (Photosystem II Inhibitor), 7 (Photosystem II Inhibitor), 9 (EPSP Synthase 
Inhibitor) and 22 (Photosystem I Electron Diverter) (Heap, I. 2020).   
 
Fig 2. Michigan State University,. 2017 “Glyphosate Resistant Horseweed in Michigan”  
 
Both waterhemp and Palmer amaranth are becoming more common in Michigan 
(Figure3). It is suspected that the Palmer amaranth seed was brought into the state via cotton 
seed intended for use in dairy feed rations (University of Wisconsin, 2020). Waterhemp is 
considered native to southern Michigan, but until recently was not viewed as a weed of crop 
fields (Sauer, 1957). This Amaranthus spp. is dioecious, and the rapid evolution of herbicide 
resistance is partially due to the high genetic diversity present in the species and the potential for 
gene flow (Liu et al. 2012; Sarangi 2016). Favorable biological attributes, including rapid growth 
(Horak and Loughin 2000) and prolific seed production (Steckel et al. 2003) favor their 
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persistence as a successful weed in row-crop production systems in the midwestern United States 
(Owen 2008). 
 
Fig. 3. Glyphosate-resistant Palmer amaranth (blue) and waterhemp (green) in Michigan. 
Michigan State University. 2017.  
 
With the lack of herbicide sites of action are planned to be introduced in the near future, 
systems utilizing existing herbicides with new herbicide-resistant traits are being deployed. 
Bayer Crop Science plans to launch a new soybean trait platform in 2020 that will be tolerant to 
glyphosate, glufosinate, and dicamba (XtendFlex®). Both dicamba and glufosinate are effective 
at controlling waterhemp as well as horseweed, but the most effective method for using this 
system to help growers maximize yields, achieve higher return on investment per acre, and 
sustain the effectiveness of the herbicides needs to be determined.  
Although the aforementioned weed species were not present at the plot sites chosen for 
this research project, we can apply similar principles from the findings to better control weeds 
like horseweed and waterhemp.  
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This study is intended to show differences in weed control efficacy based upon 
application timing as well as the number of effective sites of action used. This study was taken to 
harvest to determine the correlation between weed control and crop yield.  My hypothesis for this 
research is that treatments containing both PRE as well as POST applications will provide the 
most effective weed control and highest crop yields. I would also hypothesize that the LPOST 
application will show no significant difference in soybean yield compared to other treatments. 
Materials and Methods 
In order to develop a set of herbicide recommendations to best manage weeds in 
XtendFlex® crop system a study was conducted across the Midwest that consisted of a 
randomized complete block design with 12 treatments replicated four times. For the purpose of 
this creative component data was evaluated from three of these sites; two in Ingham county 
Michigan (referred to as MI 1 and MI 2) and one in Wood county Ohio (referred to as OH). An 
additional site in Tippecanoe county Indiana was lost due to weather.  
Sites were selected that had uniform moderate to high weed pressures of both grass and 
broadleaf weeds common to their respective areas. Plots at all sites were 9 m long and 3 m wide. 
The two sites in Ingham county were close in proximity but have different soil types and organic 
matter content which we would expect to influence herbicide activity. The sites have been under 
corn or soybean production for at least 10 years. Soybeans were planted with a 4-row John Deere 
planter and herbicides were applied with a hand-held CO2 – pressurized backpack sprayer. 
Sprayers were calibrated to deliver 168 liters per hectare at sites MI 1 and MI 2, and 140 liters 
per hectare at site OH. Additional site details are outlined below in Table 1.  
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Sites: MI 1 MI 2 OH 
Variety AG23XF0 AG23XF0 AG36XF0 
Planting Depth 2.54 cm 2.54 cm 3.81 cm 
Planting Pop 
(seeds per hectare) 
346,000 346,000 408,000 
Planting Date 5/15/2019 5/29/2019 5/16/2019 
Row Spacing 76.2 cm 76.2 cm 38.1 cm 
Soil Type Sandy Loam Loam Silty Clay Loam 
Table 1. Plot information by site  
All sites were prepared with conventional tillage to prepare a uniform seed bed and 
eliminate all weeds prior to planting. The experiment included three herbicide applications; A: 
PRE (applied at the time of planting), B: POST (applied to V3-V5 soybeans or when weeds were 
10 cm tall, whichever occurred first), C: LPOST (applied to 10 cm tall weeds or R1, whichever 
occurred first). 
The center two rows of each plot were rated for both weed control and taken to yield. 
This trial was stewarded to ensure proper disposal of grain at harvest and complied with all 
appropriate protocols. Harvested seed was dumped back into stewarded area and managed 
according for volunteer control. The timing and weather conditions at the time of application are 
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140 140 187 
    
The species of weeds present at the three sites varied, with annual grass species and common 
lambsquarters found at all three sites. For the purpose of the ratings presented within the results 
section we will combine the control ratings for weeds that are present at multiple sites to increase 
the significance of their data.  
 
Table 3. Predominant weed species at each site 






























Abbrev. SETFA ECHCG AMBTR CHEAL AMARE AMBEL ABUTH 
MI 1  X  X  X X 
MI 2  X  X  X X 
OH X X X X X   
 
Herbicide treatments for the are listed below in Table 4. These products and rates were chosen 





Table 4. Herbicide treatments for PRE, POST and LPOST applications  
 
Treat. Herbicide Application  Rate Adjuvants1 
   g ae or ai ha-1  
1 Untreated check N/A N/A N/A 
2 
Dicamba + acetochlor + metribuzin 
fb dicamba + glyphosate + acetochlor + 
PRE 
fb Early POST 
560 + 1267 + 280 
fb 560 + 1267 + 1267 
DRA + WC 
3 
Dicamba + acetechlor + metribuzin 
fb dicamba + glyphosate + acetechlor 
fb glufosinate 
PRE 
fb Early POST 
fb Late POST 
560 + 1267 + 280 
fb 560 + 1267 + 1267 
fb 656 
DRA + WC + 
AMS 
4 
Dicamba + acetechlor + metribuzin 
fb glyphosate + glufosinate + acetechlor 
PRE 
fb Early POST 
560 + 1267 + 280 
fb 1267 + 656 +1267 
DRA + WC + 
AMS 
5 
Dicamba + acetechlor + metribuzin 
fb glyphosate + acetechlor 
fb glufosinate 
PRE 
fb Early POST 
fb Late POST 
560 + 1267 + 280 
fb 1267 + 1267 
fb 656 
DRA + WC + 
AMS 
6 
Dicamba + acetechlor + fomesafen 
fb dicamba + glyphosate + acetechlor 
PRE 
fb Early POST 
560 + 1526 
fb 560 + 1267 +1267 
DRA + WC 
7 
Dicamba + acetechlor + fomesafen 
fb glyphosate + glufosinate 
PRE 
fb Early POST 
560 + 1526 
fb 1267 + 656 
DRA + WC + 
AMS 
8 
Dicamba + flumioxazin 
fb dicamba + glyphosate + acetechlor 
PRE 
fb Early POST 
560 + 72 
fb 560 +1267 + 656 
DRA + WC + 
AMS 
9 
Dicamba + flumioxazin 
fb glyphosate + glufosinate + acetechlor 
PRE 
fb Early POST 
560 + 72 
fb 1267 + 656 + 1267 
DRA + WC + 
AMS 
10 Glyphosate + glufosinate + acetechlor Early POST 1267 + 656 + 1267 AMS 
11 Glufosinate + acetechlor Early POST 656 + 1267 AMS 
12 
Dicamba + acetechlor  
fb glyphosate + glufosinate 
Early POST  
fb late POST 
560 + 1267 fb 1267 + 656 AMS 




Weather data was collected through the  Michigan Automated Weather Network station 
located in Mason, MI for sites MI 1 and MI 2 (http://www.agweather.geo.msu.edu/mawn/). For 
Ohio, weather data was accessed through the Ohio State College of Food, Agricultural and  
Environmental Sciences weather station in South Charleston, OH (https://www.oardc.ohio-
state.edu/weather1/). The 30 year weather data was accessed through the National Oceanic and 
Atmospheric Administration. 
Table 5. Monthly mean air temperature and total precipitation during the 2019 growing season 
and 30 year average at Mason, MI  











April  8 9 72 77 
May  13 14 85 85 
June 17 19 115 88 
July  22 21 58 72 
August 19 20 18 82 
September  18 16 92 89 
October   10 10 130 64 
Annual  - - 775 807 
Table 6. Monthly mean air temperature and total precipitation during the 2019 growing seasons 
and 30 year average at South Charleston, OH  









April  11 11 92 104 
May  17 16 136 118 
June 20 20 128 106 
July  23 22 65 104 
August 21 21 29 76 
September  20 18 27 84 
October  13 12 60 74 




Data analysis was conducted using lmer in R v. 3.6.2 (R Development Core Team, 2020). 
The statistical model consisted of treatment and site as fixed effects and replication nested with 
in site as the random effects. Replications were used as an error term for testing the effect of site, 
and data was combined over site when the interaction of site and treatment was not significant. 
Additionally, preplanned contrasts were performed to compare: active ingredients within PRE 
applications, glufosinate and dicamba applied POST, single vs. sequential POST applications, 
and POST only vs. PRE fb. POST. Normality assumption was checked by viewing histogram 
and normal probability plots of the residuals. Unequal variance assumption was examined by 
visual inspection of the side-by-side box plots of the residuals followed by the Levene’s test for 
unequal variances. In cases of marked deviations from normality, the data were log-transformed 
and further analyses were performed using the transformed data. For all experiments, treatment 













Weed control was evaluated at the time of POST herbicide application to determine the 
effectiveness of PRE herbicides to protect soybeans from weed competition in early 
developmental stages. We observed no difference in annual grass control between treatments 
which included acetochlor tank mixed with metribuzin or fomesafen. However, treatments which 
included acetochlor + metribuzin and acetochlor + fomesafen provided 6% and 10% greater 
annual grass control compared with flumioxazin, respectively. These acetechlor containing 
treatments provided the greatest annual grass control, but we observed different results when 
focusing on broadleaf species. Treatments containing flumioxazin or acetochlor + fomesafen 
provided at least 88% control of common lambsquarters and we observed no difference in 
control between these treatments. Flumioxazin and acetochlor + fomesafen containing treatments 
provided 19% and 20% greater common lambquarters control compared with acetochlor + 
metribuzin, respectively. There have been common lambsquarters samples submitted to 
Michigan State University from surrounding counties that have tested positive for resistance to 
photosystem inhibitor II herbicides which could potentially explain why the metribuzin was less 
effective here. Common ragweed control did not differ between treatments which contained 
flumioxazin and acetochlor + fomesafen; these treatments provided 13% and 20% greater 
common ragweed control compared with acetochlor + metribuzin, respectively. Giant ragweed 
control was relatively low at the time of POST by all treatments. Giant ragweed’s large seed size 
reduces the effectiveness of most preemergence products. However, treatments which contained 
acetochlor + fomesafen provided greater control than acetochlor + metribuzin and flumioxazin. 
All treatments which received a PRE application provided 100% control of redroot pigweed at 




early-season weed competition and reduce the selection pressure placed on weeds by 
postemergence treatments.  All treatments provided sufficient weed control to protect early-
season crop growth, but differences in effectiveness on specific weeds indicates the importance 
of selecting programs based on weeds present in fields.  
Control ratings were taken at the time of the LPOST application to evaluate the 
effectiveness of POST applications as well as the PRE products at that time (Table 8). There 
were no significant differences between any of the PRE programs at the time of LPOST with the 
exception of the annual grass ratings. The treatments that contained acetochlor + metribuzin 
provided almost 4% less annual grasses control than acetochlor + fomesafen containing 
treatments, on average. The difference in annual grass control with the flumioxazin was almost 
10% less on average than the treatments containing acetochlor and fomesafen. Comparisons 
were then made between POST applications that contained either glufosinate or dicamba and the 
most significant difference we saw here was on the common lambsquarters control. We saw a 
highly significant improvement in the control when dicamba was applied in the POST rather than 
glufosinate. Other broadleaf or grass control differences were not significant.  
At the time of soybean harvest both the acetochlor + metribuzin and the acetochlor + 
fomesafen applications provided higher levels of grass control when compared to the 
flumioxazin containing treatments (Table 9). We would expect this to likely be due to the 
acetechlor component of the tank mix. The significance of control between dicamba containing 
treatments and glufosinate containing treatments when looking at the common lambsquarter 
control at the POST timing remained highly significant at the time of harvest in which the 
dicamba containing treatments provided 4% greater control. In addition to this, velvetleaf control 




that was evaluated at this time was the difference between the treatments with a POST 
application vs. treatments that had both a POST and a LPOST application. The average annual 
grass control at the time of harvest was 75.3% where there was solely a POST application 
whereas there was 91.6% control of annual grasses where there was a sequential LPOST 
application.  
Soybean yield was analyzed for each site, but for the purpose of this discussion we will 
eliminate MI 1 from the data set as the yields were not statistically different for any of the 
treatments. This can be attributed to the poor weather in which they were planted and stand loss. 
Comparing the remaining two sites, MI 2 and OH, we see no significant differences in yield with 
any of the aforementioned contrasts. However, there is a highly significant difference when you 
contrast the differences between a PRE + POST application and the POST only treatments. Sites 
MI 2 and OH showed a 95% and 10% increase in yield respectively with a PRE + POST vs. a 






Table 7. Visual estimation of weed control at the time of POST herbicide application. 
Treatmentsa ANGRb CHEAL AMBEL AMBTR AMARE 
 ___________________________ % control ___________________________ 
1 0 ec 0 d 0 f 0 b 0 b 
2 59 d 72 bc 74 de 13 b 100 a 
3 83 a 68 c 79 cd 15 b 100 a 
4 72 bc 82 ab 69 e 8 b 100 a 
5 76 ab 65 c 78 cde 13 b 100 a 
6 81 a 91 a 95 a 38 a 100 a 
7 72 bc 92 a 94 ab 35 a 100 a 
8 67 cd 88 a 85 bc 10 b 100 a 
9 67 cd 93 a 91 ab 13 b 100 a 
10 0 e 0 d 0 f 0 b 0 b 
11 0 e 0 d 0 f 0 b 0 b 
12 0e 0 d 0 f 0 b 0 b 
Contrastsde      
Metribuzin vs. fomesafenf NS ** ** * NS 
Metribuzin vs. flumioxazing * ** ** NS NS 
Fomesafen vs. flumioxazinh * NS NS * NS 
aTreatment information is provided in Table 4.  
bWeed abbreviations: ANGR, Annual grass; CHEAL, Chenopodium album; AMBEL, Ambrosia 
artemisiifolia; AMBTR, Ambrosia trifida L.; AMARE, Amaranthus retroflexus L. 
cMeans followed by the same letter within a column are not statistically different at  < 0.05. 
dSignificance is designated as: * = P < 0.05; ** = P < 0.001; NS denoted P > 0.05. 
eMetribuzin and fomesafen treatments were tank mixed with acetochlor. 
fContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and fomesafen (6, 7) applied 
PRE. 
gContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and flumioxazin (8, 9) applied 
PRE. 





Table 8. Visual estimation of weed control at the time of late-POST herbicide application. 
Treatmentsa ANGRb CHEAL AMBEL AMBTR AMARE ABUTH 
 ___________________________ % control ___________________________  
1 0 ec 0 f 0 c 0 c 0d 0 c 
2 91 ab 95 ab 95 a 99 a 100a 71 ab 
3 92 ab 96 ab 95 a 100 a 100a 95 a 
4 89 ab 89 bc 93 a 95 a 100a 90 a 
5 91 ab 83 cd 86 a 83 b 100a 91 a 
6 95 a 97 ab 94 a 100 a 100a 93 a 
7 94 a 92 ab 95 a 95 a 100a 85 a 
8 89 ab 97 ab 95 a 100 a 100a 94 a 
9 89 ab 90 abc 93 a 96 a 100a 94 a 
10 88 b 76 d 93 a 100 a 95ab 94 a 
11 65 c 58 e 71 b 83 b 85bc 48 b 
12 21 d 51 e 84 a 0 c 75c 90 a 
Contrastsde       
Metribuzin vs. fomesafenf * NS NS NS NS NS 
Metribuzin vs. flumioxazing NS NS NS NS NS NS 
Fomesafen vs. flumioxazinh * NS NS NS NS NS 
Glufosinate vs. dicambai NS ** NS NS NS NS 
aTreatment information is provided in Table 4.  
bWeed abbreviations: ANGR, Annual grass; CHEAL, Chenopodium album; AMBEL, Ambrosia artemisiifolia; AMBTR, Ambrosia 
trifida L.; AMARE, Amaranthus retroflexus L. 
cMeans followed by the same letter within a column are not statistically different at  < 0.05. 
dSignificance is designated as: * = P < 0.05; ** = P < 0.001; NS denoted P > 0.05.  
eMetribuzin and fomesafen treatments were tank mixed with acetochlor. 
fContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and fomesafen (6, 7) applied PRE. 
gContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and flumioxazin (8, 9) applied PRE. 
hContrasts comparing treatments containing fomesafen (6, 7) and flumioxazin (8, 9) applied PRE. 




 Table 9. Visual estimation of weed control at the time of soybean harvest. 
Treatmentsa ANGRb CHEAL AMBEL AMBTR AMARE ABUTH 
 ___________________________ % control ___________________________  
1 0 ec 0 f 0 d 0 c 0 c 0 d 
2 87 a 90 a 95 a 100 a 100 a 95 a 
3 92 a 90 a 95 a 100 a 100 a 95 a 
4 76 bc 73 c 83 ab 100 a 100 a 63 b 
5 95 a 76 c 95 a 100 a 100 a 88 a 
6 90 a 88 abc 95 a 100 a 100 a 90 a 
7 86 ab 78 bc 95 a 100 a 100 a 76 ab 
8 75 c 90 a 89 a 100 a 100 a 84 ab 
9 73 c 84 abc 91 a 100 a 100 a 83 ab 
10 72 c 61 d 72 b 86 b 91 b 38 c 
11 44 d 43 ef 36 c 80 b 95 ab 0 d 
12 88 a 90 a 94 a 100 a 100 a 91 a 
Contrastsde       
Metribuzin vs. fomesafenf NS NS NS NS NS NS 
Metribuzin vs. flumioxazing ** NS NS NS NS NS 
Fomesafen vs. flumioxazinh ** NS NS NS NS NS 
Glufosinate vs. dicambai NS ** NS NS NS * 
One POST vs. two POSTj ** NS NS NS NS NS 
PRE + POST vs. POST onlyk ** ** ** ** ** ** 
aTreatment information is provided in Table 4.  
bWeed abbreviations: ANGR, Annual grass; CHEAL, Chenopodium album; AMBEL, Ambrosia artemisiifolia; AMBTR, Ambrosia trifida L.; 
AMARE, Amaranthus retroflexus L. 
cMeans followed by the same letter within a column are not statistically different at  < 0.05. 
dSignificance is designated as: * = P < 0.05; ** = P < 0.001; NS denoted P > 0.05. 
eMetribuzin and fomesafen treatments were tank mixed with acetochlor. 
fContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and fomesafen (6, 7) applied PRE. 
gContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and flumioxazin (8, 9) applied PRE. 
hContrasts comparing treatments containing fomesafen (6, 7) and flumioxazin (8, 9) applied PRE. 
iContrasts comparing treatments containing glufosinate (4, 7, 9) and dicamba (2, 6, 8) applied POST. 
jContrasts comparing treatments containing one POST (2, 4, 6, 7, 8, 9, 10,11) and a POST+LPOST (3, 5, 12) 




Table 10. Soybean yield harvested mechanically  
  Soybean yield  
Treatmentsa MI1 MI2 OH 
 __________________ kg ha-1 __________________ 
1 394 154 cc 1005 d 
2 643 690 bc 4565 ab 
3 610 838 abc 4494 ab 
4 760 1027 ab 4548 ab 
5 629 1169 ab 4440 ab 
6 579 1362 a 4294 b 
7 529 1023 ab 4938 a 
8 521 1186 ab 4640 ab 
9 670 755 abc 4765 ab 
10 786 828 abc 4390 b 
11 680 564 bc 4336 b 
12 408 152 c 3751 c 
Contrastsde    
Metribuzin vs. fomesafenf NS NS NS 
Metribuzin vs. flumioxazing NS NS NS 
Fomesafen vs. flumioxazinh NS NS NS 
Glufosinate vs. dicambai NS NS NS 
One POST vs. two POSTj NS NS NS 
PRE + POST vs. POST onlyk NS ** ** 
aTreatment information is provided in Table 4.  
bWeed abbreviations: ANGR, Annual grass; CHEAL, Chenopodium album; AMBEL, Ambrosia artemisiifolia; 
AMBTR, Ambrosia trifida L.; AMARE, Amaranthus retroflexus L. 
cMeans followed by the same letter within a column are not statistically different at  < 0.05. 
dSignificance is designated as: * = P < 0.05; ** = P < 0.001; NS denoted P > 0.05. 
eMetribuzin and fomesafen treatments were tank mixed with acetochlor. 
fContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and fomesafen (6, 7) applied PRE. 
gContrasts comparing treatments containing metribuzin (2, 3, 4, 5) and flumioxazin (8, 9) applied PRE. 
hContrasts comparing treatments containing fomesafen (6, 7) and flumioxazin (8, 9) applied PRE.  
iContrasts comparing treatments containing glufosinate (4, 7, 9) and dicamba (2, 6, 8) applied POST. 
jContrasts comparing treatments containing one POST (2, 4, 6, 7, 8, 9, 10,11) and a POST+LPOST (3, 5, 12) 






What these findings mean from a resistance management perspective would show this 
approach of the two-pass of a PRE followed by POST application not only provides the highest 
yield but also helps to decrease the selection pressures placed on the POST application 
herbicides. The decrease in weed pressure as a result of the PRE application both killing existing 
weed species and preventing the germination of additional weed species leading up to the POST 
timing will be even more valuable for growers who have glyphosate- resistant species due to the 
decrease in the weed seed bank this will provide over the long-term use of this method. 
Effective herbicide resistance management will require us to think about how we keep 
fields clean in not just the following season but approaching the problem with a long-term 
mindset and taking multiple strategies into effect. This can include things over and above the use 
of herbicides; for example, changing tillage practices, incorporating cover crops into the rotation, 
weed seed destruction, or even potentially rotating away from commodities like corn and 
soybeans and diversifying the operation to include a wider array of crops.  
Looking specifically at the use of herbicide practices to control resistant weeds, we can 
infer from this project that using multiple effective modes of action in the PRE application is 
important in decreasing weed pressure until the POST application can be made. While the POST 
application following a PRE may not show weed control differences at the time of harvest 
compared to a POST alone treatment, it does significantly improve yield. This practice also 
works to lower the selection pressure for the weed population present at the time of application. 
POST treatments that contained dicamba showed a longer window of weed control than 




were observed across species. A LPOST application showed no benefit in terms of yield or weed 
control with the exception of grass control. We could assume that there is also potential with this 
late application to actually increase the selection pressure on present weed species depending on 
the height at the time of application. Broadleaf weeds have potential to surpass the 4 in. height 
recommendation for a on label application at this point in the season, making a sublethal dose of 
a contact herbicide like glufosinate potentially more likely.  
Preserving the efficacy of herbicides that we have in place today for as long as possible 
will be critical in delaying the increase of herbicide resistance. This will take increases 
implementation of a two-pass herbicide approach with multiple modes of action in both the PRE 
and POST applications. I hope that the use of new technologies like the dicamba, glufosinate, 
and dicamba resistant soybean will be a positive contribution to help control these issues growers 
face.  
 Further Research 
Further research could be conducted to support these finding as well as answer additional 
questions at a location that has known populations of glyphosate- resistant waterhemp and 
horseweed. This would be a tighter correlation to the main issue growers in the tri state area are 
facing that were highlighted in my introduction.  
 
This trial could have also been conducted under no-till conditions rather than 
conventional tillage practices that provided a clean field before planting. As we see increased 
interest in no-till/ minimum tillage practices in an effort to promote soil conservation, it would be 





If the study were to be continued at the same sites under the same cultural practices, it 
would have been interesting to see the differences between a glyphosate alone vs. glyphosate + 
glufosinate vs. glufosinate alone in the POST application without the addition of any dicamba. 
There are several areas in Michigan and Ohio where in season applications of dicamba are 
difficult to make due to surrounding sensitive crops or endangered species. Being able to provide 
a recommendation and noting the differences in control ratings would be valuable. 
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